Contractile responses to selective phosphodiesterase inhibitors following chronic beta-adrenoreceptor activation.
Contractile responses to phosphodiesterase (PDE) inhibitors are attenuated in heart failure, an effect limiting the clinical value of these agents. In this study, we sought to determine whether abnormalities in the beta-adrenoreceptor (beta-AR)-cyclic adenosine monophosphate (cAMP) signal transduction are sufficient to account for downregulation of PDE inhibitor-induced inotropic responses following chronic sympathetic activation. Sustained beta-AR activation produced by administration of isoproterenol (ISO) (50 microg kg(-1) day(-1) i.p. for 1 month) to rats resulted in cardiac hypertrophy, but did not affect baseline cardiac systolic function, as assessed in vivo by echocardiography and ex vivo under controlled loading conditions and heart rate (left ventricular systolic pressure-volume and stress-strain relations). Moreover, chronic ISO administration did not alter the baseline myocardial norepinephrine release or inotropic responses to incremental concentrations of Ca(2+) in isolated, perfused heart preparations. However, left ventricular contractile responses to ISO, the PDE III inhibitor amrinone, and the PDE IV inhibitor rolipram were attenuated following chronic beta-AR activation. Myocardial cAMP concentrations after stimulation with amrinone and rolipram were similar in ISO-treated and control rats. However, in ISO-treated rats, a marked decrease in contractile responsiveness to the cell-permeable, PDE-resistant cAMP analogue, 8-bromoadenosine cAMP, was noted. In conclusion, these data suggest that in cardiac disease, sustained beta-AR activation, without producing ventricular systolic dysfunction or enhanced myocardial norepinephrine release, is sufficient to account for the downregulation of contractile responses to PDE inhibitors. This effect appears to be largely mediated through abnormalities in signal transduction between cAMP and Ca(2+)-induced Ca(2+) release.